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procedure) aged 4.2 to 
inferior limb obst 
Transesophageal studies with use of 
Since 1944, correction of transposition of the great arteries 
with an atrial baffle procedure (either a Mustard or Senning 
procedure) has been the preferred surgical approach in many 
centers (l-3). A recently reported surgical series (3) has 
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demonstrated a 20 year survival rate of 80% after such an 
atrial baffle procedure. However, after atrial correction 
procedures, a range of late complications can occur, includ- 
ing development of right ventricular dysfunction, tricuspid 
insufficiency, progressive left ventricular outflow tract ob- 
struction and life-threatening arrhythmias (3-7). In addition, 
subacute or chronic obstruction of the systemic venous 
pathway in the superior bafIle limb may occur and be 
progressive in 3% to 17% of the surviving patients (3.4). This 
is often well tolerated and clinically inapparent because of 
the related development of adequate collateral systemic 
venous drainage channels. In contrast, the late development 
of obstruction within the inferior limb of the systemic venous 
atrium is uncommon (5), although it may occur in the 
immediate postoperative period. In addition, the late devel- 
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correction procedure. 
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material in 10 patients (Cases 1 to 
r-shaped pericardial patch was chos 
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Table 1 Clinical Data of 15 Study Patients and Morphologic Findings at Evaluation of Atrial 
Function With Precordial Compared With Transesophageal Echocardiography 
Postop 
Age at PEfTEE Interval Precordial Echo Transesophageal Echo 
Case No. (yr) (yr) Baffle Abnormahly B&Be Abnormality 
I 21 15.5 - Mild SLO. Raplike slru 
within the SL. small leak 
SLIPVA 
2 25 14.5 - 
3 22 15.7 - Small baWe leak SLlPVA 
4 I7 I4 Mild PVAO 
baffle leaks SLlPVA and 
I LIPVA 
5 21 16 Mild PVAO Mild PVAO. small bafffe leak 
SLIPVA 
6 23.5 15.5 Liirge interatrial Large interatrial defect 
defect 
7 27 22.7 - Small baffle leak IL/W/A 
8 12 II ? Baffle leak Small battle leak SWPVA and 
LLIPVA 
9 I2 II - - 
IO 5.5 5 Moderate PVAO, bloderate PVAO, mild ILO. 
? bale leak small Baffle leak lL/PVA 
II 5 4.3 Severe SLO Severe SLO. small battle leak 
ILIPVA 
I2 12.5 IO Severe SLO Severe SLO, small baffle leak 
ILIPVA 
I3 4.2 3.6 - - 
14 5 4.5 Severe SLO Severe SLO 
I5 33 0.1 - Moderate SLO. mild IL0 
Echo = echocardiography; IL = inferior limb: IL0 = inferior limb obstruction: PE = precordial echocardiog- 
raphy (echo): Poslop = postoperative: PVA = pulmonary venous atrium: WA0 = pulmonary venous atrium 
obstruction: SL = superior limb; SLO = superior limb obstruction: TEE = transesophageal echocardiography. 
system. Either probe tip could be angulated in right/left and 
anterior/posterior directions with the steering mechanism. 
No prior antibiotic prophylaxis was given, which is our 
routine practice. In children, the studies were performed 
under general anesthesia at cardiac catheterization with use 
of dedicated 5 MHz pediatric probes with a maximal tip 
circumference of 30 mm on either dn Aloka SSD 870 or 
Toshiba SSH 160 ultrasound system. Proof: tip angulation of 
the pediatric probes was restricted to the anterior/posterior 
dimension. In both children and adults, the transesophageal 
examination was begun with short-axis ventricular scans, 
which were used to assess ventricular function. A hepatic 
scan was then carried out to trace the course of the inferior 
vena cava, to identify the hepatic vein confluence and, by 
withdrawing the probe slightly and rotating it anticlockwise, 
to follow the inferior limb of the systemic venous pathway 
toward its junction with the superior limb. Further probe 
withdrawal allowed the demonstration of the entire systemic 
venous atrium, including the superior limb of the systemic 
venous atrium, its anastomosis with the superior vena cava 
and the lower portion of the superior vena cava. By advanc- 
ing and rotating the probe, the individual sites of drainage of 
all four pulmonary veins and the entire 
pathway were scanned. A complete mor 
dynamic evaluation of both venous atria was then performed 
with use of two-dimensional imaging in combination with 
color flow mapping allied to pulsed wave Doppler ultra- 
sound. Pulsed Doppler sampling was used to assess flow 
patterns in both systemic venous limbs, the 
venous pathway, over both AV valves and for 
tion of individual pulmonary vein flow. 
The entire examination was continuously recorded on 
videotape and was evaluated both on-line and later off-line at 
reduced speed. Twelve of the I5 patients underwent cardiac 
catheterization on the same day and the remaining 3 within 
52 to 3 months after transesophageal echocardiographic 
study. The invasive data in these patients were then corre- 
lated with the findings of both the precordial and the trans- 
esophageal echocardiographic examinations. 
It should be emphasized that the relative shape and size 
of each baffle component in this series varied according to 
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figure 3, Case I 1. Systemic venous pathway obstruction visualized 
from the transesophageal approach in a patient with severe narrow- 
ing (arrow) at the transition of the superior baffle limb to the 
supramitral portion of the systemic venous atrium (WA). Abbrevi- 
ations as in Figures I and 2. 
posterior-lying pulmonary venous atrium and the anteriorly 
visible transposed great arteries. Atrial baffles of differing 
designs (rectangular shape with curving edges versus trouser 
shaw) and materials (Teflon versus pericardium) were used 
in the batlIe construction in this series. The differing surgical 
techniques resulted in specific sites being at risk for obstruc- 
tion within the systemic venous pathways. In two asympto- 
matic patients (Cases I and 4) with rectangular patches, a 
mild narrowing was visualized at the transition of a medially 
displaced superior vena cava to the superior baffle limb. In 
three of the four patients with trouser-shaped baffle and 
severe superior vena cava obstruction, a severe stenosis was 
visualized at the transition of the superior baflle limb to the 
common portion of the systemic venous atrium (Cases I I, I2 
and 14) (Fig. 3). In these three patients, the superior vena 
cava was markedly dilated and color flow mapping revealed 
a continuous turbulent flow pattern downstream of the 
obstruction detected by a continuous turbulent flow on 
pulsed Doppler interrogation. In Patient I5 (modified Sen- 
ning procedure) a marked stenosis of the superior vena 
cava-isthmic segment was identified, which caused disten- 
sion of the superior vena cava. With pulsed Doppler sam- 
pling within the systemic venous atrium immediately down- 
stream of the stenotic area, a continuous turbulent flow 
velocity waveform indicating baffle obstruction was re- 
corded with a peak velocity of I m/s (the true peak velocity 
of flow in this case was clearly underestimated because of 
poor alignment of the interrogating Doppler beam to direc- 
tion of flow). The same patient also had mild obstruction at 
the transition of the inferior vena cava to the inferior portion 
of the systemic venous atrium. In two additional patients 
(Cases I and 2), an obstructing 
of the superior vena cava to the su 
flow mapping revealed a turbulent 
nated proximal to this structu 
abnormal continuous low velocity 
tern was recorded in the inferior b 
ous flow velocity profiles are nor Ily always associated 
with significant intrab 
widely patent cours 
two-dimensional 
profiles with low peak v 
creased peak velocity of 
continuous high velocity m 
present. 
In contrast, with use of precordial 
plete systemic venous atrium could b 
venae cavae to the mitral valve in only 
immediately above 
patients from the 
parasternal view and 
abnormalities within it in 6 patients (Cases 2.3 and 5 to g). 
Patients I I, I2 and 14, the site of the clin!cally obvio 
systemic venous obstruction could be visualized iu tie P! the 
transition of the superior limb to the common systemic 
venous atrium. IIn Patient IS (after heart transplantation) 
only a short segment of the superior and inferior limbs could 
be demonstrated, but the findings of a turbulent flow patte 
on color flow mapping within both the superior and inferi 
limbs, taken in conjunction with the abnormal continuous 
flow in the pulsed Doppler velocity waveforms, confirmed 
the presence of two obstructions within the systemic venous 
Both transesophageal and pre- 
udies provided a complete as- 
sessment of the pulmonary venous atrium in every patient. 
No obstruction was noted within the ~w~rno~ary venous 
atrium in I2 of the patients with either ultrasound approach. 
Both techniques identified the same two patients (Cases 4 
and 5) with a mild narrowing oft 
pulmonary venous atrium on two- 
bulent flow was present across both these mild narrowings 
on color flow mapping. With pulsed Doppler interrogation 
immediately distal to this narrowed isthmic portion, biphasic 
the isthmic segment or in 
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in 11 patients. It was also possible with transesophageal 
echocardiography to align a pulsed Doppler sample volume 
to the direction of flow within the pulmonary veins visual- 
ized and thus to obtain flow profiles. Differing PulmonarY 
venous fiow velocity profiles were recorded in a number of 
patients. No patient had continuous turbulent pulmonary 
venous inflow indicative of pulmonary venous obstruction. 
A biphasic laminar flow was detected in I1 patients and, in 
another 2 patients (cases 8 and IO), two peaks occurring 
during early and late ventricular systole and a third peak 
during ventricular diastole were observed. Reversal of pul- 
monary venous flow in early ventricular systole was found in 
one patient (Case 2) with junctional rhythm and another 
(Case 5) with moderate tricuspid regurgitation. 
e, With use of transesophageal color tlow 
mte evidence of bafile leakage was obtained in 
II patients. Both transesophageal and precordial echocar- 
diography identitied a large interatrial communication in one 
patient (Case 6). The widespread patch dehiscence above the 
AV junction resulted in bidirectional laminar shunting (Fig. 
5). In four patients (Cases 1 to 3 and 5) a bidirectional or right 
to left interatrial shunt was detected at the transition of the 
superior vena cava to the superior baffle limb. In another 
four patients (Cases 7 and 10 to 12) the shunt was found at 
the connection of the inferior baffle limb with the inferior 
vena cava and within the course of the inferior bathe suture 
line, respectively. In another two patients (Cases 4 and 8) 
there were baf8e leaks at both the superior and inferior limbs 
into the pulmonary venous pathway (Fig. 6). In contrast. 
precordial ultrasound detected only 2 (Cases 8 and IO) or 
these IO patients found to have a small residual atrial shunt 
Subsequent correlative 
e in all 15 patients. The 
transesophageal echocardiographic findings in all the pa- 
tients with either systemic or pulmonary venous pathway 
obstruction were confirmed on both hemodynamic and 
angiographic investigation. Oximetry ed significant 
bidirectional shunting (40% systemic saturation) in 
only two patients. A total of seven patients were shown to 
have minor degrees of residual interatrial shunting on angi- 
ography. Thus, two patients who had definite residual baftle 
leaks on both transesophageal imaging and color flow map- 
PhV4 were missed. In addition, angiography, although iden- 
tifying the presence of baffle leakage, did not allow one to 
distinguish between single and multiple baffle leaks in the 
two patients who had multiple leaks, 
versus p phy. Deterio- 
ration in the function of atrial b&es may develop both early 
and late after an atrial correction procedure for transposition 
of the great arteries (15,M). Severe batlIe obstruction may 
in Figures 1 and 2. 
occur insidiously in clinically asy 
fore, a sensitive and ~~ni~vas 
~sto~rative assessment 0 
children ~record~al ult~asoM 
on of two-dimensional 
studies from the su~raster~a~, 
windows have been extensively 
However, in many older child 
after intracardiac repair, the preco ~trasound windows 
are frequently restricted, thus limiti 
plete evaluation of the systemic 
pathways. Even in small child~~ the precordial approach 
cannot consistently visualize either the junction of the venae 
cavae with the atrial beBe or a la rtion of the inferior 
limb of the systemic venous atrium. In addition, although the 
entire intraatrial pulmonary venous atrium is clearly demon- 
strated from the precordium, the ev~uatio~ of individual 
pulmonary vein flows by either 
Doppler is restricted at best to ion of one or both 
upper pulmonary veins. In con 
cardiograp5y consistently allo 
both the entire systemic ve 
provided a much more detailed analysis of the morphology 
of both the superior and inferior baffle limbs and their 
junction with the venae cavae in comparison with the 
venous atrium. We wo 
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With the exception of1 patient in whom a 
very large interatria! communication was visualized on both 
precordia! nd transesophagea! studies, the accurate id nti- 
fication of both the anatomic site and shunt direction of a 
bafl!e leak could be derived only by transesophagea! color 
flow mapping and pulsed Doppler interrogation in 10 pa- 
tients. Only two of these patients were suspected o have a 
residual atria1 shunt on precordia! examination. Thus, 
transesophagea! chocardiography proved to be an ex- 
tremely sensitive method for detecting a baH!e l ak. 
Conclusions. From this initial experience w conclude 
that ransesophageal echocardiography hasproved to be of 
great additional value in the definition of a range of unsus- 
petted ba!I!e abnormalities after atria! correction proce- 
dures. The transesophagea! approach routinely allowed a 
much more detailed insight into abnormal baf!!e morphology 
and its related hemodynamic alterations than did the precor- 
dial ultrasound approach. Such baffle studies are clearly 
appropriate in the outpatient clinic as part of the routine 
follow-up in adolescents and adults but their precise use in 
children in whom heavy sedation or genera! anesthesia is 
required remains to be evaluated. 
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